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ON  FLUCTUATIONS  OF  OZONE  IN  THE  TROPOSPHERE  AND  STRATOSPHERE 


^Following  ia  •  translation  of  an  address  presented 
by  Erich  Begentr  to  a  convention  of  tha  JGGD  in 
Brussels  on  30  August  1  951 •  Tha  addraae  was  publishad 
in  the  German  language  in  the  periodical  Journal  of 
Atmospheric  and  Terrearlal  Trhyelce.  1952.  Vol  2,  pages 
173-182,  Porgoaon  Press  Ltd,  London^/ 

1.  Abstract 

X  The  complexity  of  the  problem  of  ataospherle  oaoae  la  ex¬ 
hibited  is  tha  fluctuations  of  tht  oaoae  eonaaatration  at  all 
heights.  Ia  the  layer  of  air  immediately  adjoining  the  ground, 
tha  saone  content  nlsnya  sinks  to  sero  when  the  air  atagnatas, 
dua  to  the  effect  of  the  ground,  shieh  ia  very  destructive  to 
oteai.  In  tha  troposphara,  advoction  plays  the  sain  part  in 
causing  fluctuations,  fidely  varying  vertical  oaone  diatribu- 
tioaa  have  beoa  found  recently  by  aeaaa  of  the  epeotrographie 
aethod  la  hallaaa  aaeaata.  i.To  explain  thia,  large-scale  horl- 
seatal  and  vertical  aoveaeatp  of  air  at  great  heights  aaat  be 
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To  apeak  of  fluctuations  of  osona  aeaaa  to  apeak  of  tha 
entire  complicated  problem  of  atmospheric  oaoae.  We  know  that  the 
fluctnatioms  vary  according  to  time  and  locality.  Thtj  occur  at 
all  altitudes  where  oaone  la  prasast  at  all.  Tha  amplitude  of 
the  fluetwatloaa  la  different  la  all  places  aad  if  periodic  var¬ 
iations  are  involved,  dally  aad  aaaaal  tine  influences  are  superim¬ 
posed  upon  local  ef facta.  Wa  can  that afore  expect  that  all  factor# 
which  ore  notorial  for  tho  aotlre  oaoae  problea  are  more  or  leeo 
effective  la  relation  to  the  fluctuations t  the  rate  of  formation 
and  of  the  d ea tract ion  of  oaone,  lto  geographic  origin  aad  avaa 
its  history.  Given  thaoa  conditions,  it  would  atom  ad vie sable 
to  assemble  as  such  observational  data  aa  possible  aad  to  group 
aad  interpret  individually  noteworthy  situations.  Ia  tha  follow¬ 
ing,  than,  1st  ns  discuss  la  summary  the  relationships  based  mpoa 
old  aad  new  maaaured  data,  pro grass lag  from  lower  to  higher  altltudi 


The  fluctuations  of  the  osor.e  content  of  air  layers  near 
the  surface  of  the  earth  seeui  to  us  today  to  he  tr.e  aoet  simple. 
Percentage-wise,  the  fluctuation#  are  also  greatest  here;  for 
here  the  ozone  content  value  of  zero  occurs  at  least  fcr  periods 
of  tine  hut  quite  frequently  and  under  certiis  conditions  even 
regularly.  This  la  en  indication  that  the  surface  of  the  earth 
ia  the  scene  of  considerable  osose  destruction.  Ir.  view  of  the 
ohesical  structure  of  ozone,  this  is  to  be  expected,  everywhere 
on  the  surface  of  the  earth,  particularly  there  where  there  is 
vegetation,  exiditable  substances  are  present  which  consume  the 
osone.  Dust  which  osy  be  present  in  the  air  and  the  industrial 
gases  of  our  cities  function  is  the  sane  manner.  Csoae  is  also 
consumed  in  catalytic  roles  upon  cosing  Into  contact  with  com* 
pletely  inactive  solid  bodice.  There  ie  a  eponteneous  decompo¬ 
sition  of  nsone  even  in  a  ccapletaly  dean  glass  vessel  which 
neturally  increases  greatly  with  the  teapernture.  Ohe  same  applies 
la  the  free  and  completely  clean  etzeephere. 

When  oaoae  is  found  in  the  air  near  the  earth,  therefore, 
it  suet  ooae  froa  above  —  fro a  those  layers  of  sir  wnerein  a 
balanced  concentration  of  oaoae  is  forced  through  the  coabined 
effects  of  osone-building  snd  oaone- destroying  wave  lengths  of 
sunlight  and  by  purely  thereto ,  sr.d  therefore  greatly  dependent 
upon  temperature,  ozena  dscooposition.  Observstious  show  that 
the  theoretically  oaleuleted  oaoae  dlatributloa  can  be  changed 
locally  to  a  great  degree  through  advectloa  end  convection  at  all 
altitudes.  But  at  altitudes  below  20  kilometers  the  reletlwe 
oaoae  content  of  certain  moving  uaeeoa  of  olr  chan gee  only  vary 
gradually,  becoming  noticeable  only  after  several  4 aye  (13.  The 
oaome  eoateat  drops  rapidly  only  when  in  eontaet  with  the  surface 
of  the  earth  or  with  dust  --  a  condition  which  of  course  oaaaot 
exiat  ia  class  air  over  extensive  bodice  c>f  voter.  According  to 
oar  present  knowledge  and  opinion,  a  photoeheaicel  fora* t ion  of 
osoae  ia  the  vieinlty  of  the  earth's  surface  is  hot  possible. 

Daly  in  strong  electrical  fields  such  as  occur  in  stores  is  the 
formation  of  oaoae  possible  through  ocealsional  point  iiaohergeo. 
Those  oo our  ao  eeldoa,  however,  taat  they  could  hardly  play  a 
role  la  the  oaoae  balaaee. 

The  transportation  of  osoue  froa  air  strata  which  are  not 
influenced  by  the  destructive  effect*  of  the  earth's  surface  down 
to  eerth  apparently  le  brought  about  by  turbulent  exchangee  ef 
air.  Tbie  turbulence  can  vary  very  such  in  intensity  and  it  oaa 
be  very  local  or  ulde-sproad  in  extent.  But  it  is  froa  the  ro- 
lstiocthips  between  the  type  and  tbe  intensity  of  the  turbulence 
and  the  decrease  in  osoae  concentration  nee r  to  the  torts's  sur¬ 
face  that  one  suit  draw  conclusions  as  to  the  strength  of  tbe  osoae- 
destruotive  effects  of  thv  earth.  Observations  show  that  the  osene 
content  a an  drop  to  aero  in  a  very  short  tine  --  in  1-5  hours  — 
not  only  in  stagnant,  completely  stationary  air,  hut  also  ia  tbo 
presence  of  eoadt,  Imaimsr  winds  pass lag  slowly  over  flat  terrain. 
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Observations  also  show  that  oaone  destruction  at  ths  surface  of 
tbs  sarth  tehee  place  particularly  rapidly  if  during  ths  night, 
bsoauas  of  an  inversion  near  ths  sarth,  a  thin  strata  of  air  pre¬ 
vents  exchange  with  higher  layers.  In  such  a  case,  as  soon  ss  the 
sun  appears  over  the  horieon  in  the  norning,  the  snail  and  local¬ 
ised  thermal  currents  which  rssult  are  sufficient  to  destroy  ths 
inversion  nssr  the  earth  rslatively  quickly  and  to  allow  uninfluenced, 
osone-rich  sir  aaaacs  to  dtsesnd.  Above  flat  terrain,  the  osons 
destroying  affects  of  the  earth  probably  do  not  reach  up  very  far, 
possibly  50-100  asters,  naturally  depending  upon  ths  degree  of 
air  alxLug.  When  temperature  inversions  extend  over  large  areas 
and  where  lerge  areas  of  oold  air  ssttle  in  valleys,  the  effeota 
of  course  could  extend  upwards  such  further. 

Qiven  strong  turbulenoe,  especially  with  westerly  gradient 
winds,  ths  turbulent  exchange  takes  place  i  ■  eh  aore  rapidly  and 
also  extanda  such  further  upward.  Under  theaa  conditions,  obser¬ 
vations  show  that  the  transfer  of  osoas  from  upper  strata*  over¬ 
coats  the  destructive  effects  of  ths  earth's  surface  and  the  soount 
of  osoae  at  ground  level  is  aore  or  less  equal  to  that  in  free  air 
at  — ^ i •  altitudes. 

This  prooeaa  ia  naturally  greatly  depasdant  upoa  the  local 
ooadltlons  and  orography  and  oaa  beat  be  deeoribed  by  using  ex¬ 
amples.  for  this  reason,  X  shall  sow  givs  sons  neaaureasats  which 
wsrs  aade  by  ay  asssclatss  in  ths  vicinity  of  Trlsdrlehshefes  ss 
Bodensee  (Lake  Constance)  shortly  before  sad  also  during  ths  war. 
Conditions  there  where  the  large  water  surface  sects  the  flat 
shore  ares  art  particularly  siapl#  sad  ths  individual  effeetivs 
factors  can  bs  clearly  traced  in  the  aeasurmeats. 

Illustration  1  aheos  the  daily  progreoa  of  osoae  e cat eat 
values  nsaamred  by  R.  Aaer  os  fair,  windless  fall  days  using  a 
rapid-fuse tloaiag  potasaius  Iodide  aetkod.  A  high  osoae  eeateat 
ia  reaogalaed  duriag  the  daytiae  whlah  drops  to  a  aem-deteotehle 
value  after  sunset,  rlslag  again  after  su arise  with  iaareaalng 
thermal  effects  la  ths  sir  st  the  surface  of  the  earth. 

The  graph  prepared  by  A.  Ihnert  (3)  also  shews  that  it  is 
the  thermal  turbuleaee  ia  the  lowest  layer*  of  air  caused  by  the 
warmed  earth  which  brings  osoas  down  from  above  after  the  nightly 
minima.  This  graph  is  shows  in  Illustration  2  and  reveals  s 
parallel  betweea  air  taaperature  and  eaeae  eeateat  with  a  aaxieem 
betweea  2  and  3  o'eleek  R.H.  A  striking  feature  of  these  serves, 
as  well  as  of  these  Is  Illustration  1,  Is  ths  rapid  decrease  of 
osoae  content  which  neeompenlee  the  aiahlag  of  the  ena  towards 
evening.  Apparently,  a  temperature  inversion  Is  quickly  famed 
which  lies  close  to  the  surface  and  whlah  seals  off  a  this  layer 
of  sir  against  exchangee  with  higher  layers,  the  deotrustiea  of 
osoar  can  them  trice  place  rapidly  Is  this  this  layer.  This  effect 
can  be  raiafarced  by  the  reversal  of  ths  movement  ef  air  whlah 
carries  osoae  deficient  air  from  laud  to  the  lake  is  the  evening 
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aad  back  again  in  tba  aorning.  Given  conditions  of  ainiaal  aove- 
aent  of  air,  one  find*  air  in  the  aornlng  which  has  bean  located 
over  the  lake  all  night  and  hardly  exposed  to  osone-deatruetlve 
influences. 

In  Illustration  3,  the  upper  curve  shows  higher  osone  values 
and  an  ahstnee  of  the  nightly  alulae  with  strong  westerly  winds. 

The  destruction  of  osone  on  the  ground  is  compensated  for  eoapletely 
by  osone  brought  in  from  higher  layers.  Ths  lsrgt  fluctuations 
can  apparently  be  connected  with  wide-spread  conditions  of  tur¬ 
bulence  of  the  air  which  bringe  aaaaaa  of  air  of  varying  oaone 
content  to  the  aeaanring  aite.  In  the  vicinity  of  the  Bodensee, 
this  oan  ha  aasaea  of  lake  and  of  land  air. 

During  cala  weather  on  the  banka  of  the  Bodensee,  sn  anti- 
parallel  course  oan  be  observed  between  turbulence  end  hualdlty  (4). 
Froa  this,  the  deoresae  in  turbulenoe  css  be  estimated  froa  the 
increase  in  huaidity.  Whan  the  air  is  still,  it  qulokly  takas  on 
s  vary  high  relative  humidity.  On  the  other  hand,  when  thermal 
currents  occur,  dry  air  comes  down  from  ths  higher  layers.  For 
this  rssson,  we  can  ssa  an  inverse  relationship  (see  Illustration 
4)  between  humidity  (which  la  reciprocal  to  turbulence)  and  the 
oacne  content.  Zn  thin  curve,  the  sudden  lnereeee  in  the  eacunt 
of  osoae  at  8x30  In  the  evening  ie  interesting.  At  thin  point, 
a  a  quail  moved  ever  the  aeaanring  station  at  a  rate  of  B  aetere 
per  seeomi.  Za  addition  to  oxygen,  thin  brought  dry  air  dowa  froa 
graatar  altitudes,  aa  eaa  be  aeea  froa  ths  jagged  huaidity  lias 
at  this  point  la  tlas.  Aa  the  squall  passed,  the  oaone  ooatsat 
soon  returned  to  aero  and  the  huaidity  again  iadreeaed.  Bat  nr  ally, 
a  oonditiom  of  turbulence  can  else  cause  the  osoae  content  at  the 
surface  of  ths  earth  to  drop  if  the  general  weather  conditions 
should  bring  down  m  layer  of  air  which  had  a  lower  osoae  content 
than  prevailed  sear  the  earth. 

local  eosdltlshs  are  set  always  so  simple  as  oa  the  modes- 
see.  Aa  the  ooeflguratlaa  ef  the  lead  ehaagaa.  eo  suet  el as  the 
dally  eaurse  of  osoae  ceateat  sear  the  earth  change,  thane  ehaagaa 
depend  apes  the  degree  to  which  stagnated  air  aad  temperature  in¬ 
versions  eaa  fora  aad  the  degree  to  shlth  exehaagee  of  air  are  la- 
lueneed  by  the  eonfiguratlem  of  the  terrain  and  local  wind  con¬ 
ditions.  This  is  borne  out  especially  by  the  many  aeae  urea  ante 
of  osoae  which  ere  oarried  out  at  resort  areas  for  clisstologloml 
reasons.  Is  mountain  tress  it  oftss  occurs  tbst  there  is  t  second 
osone  maxima  during  the  sight  which  can  ha  astplalsed  ea  due  to  h 
katabatic  wind  which  hr Inge  down  eaoae-rieh  air.  Everywhere  la 
valleys  or  low  arena  where  night  brings  \.he  formation  ef  a  said 
pool  with  a  t superstore  laverelec,  the  nightly  osoae  minimum  is 
to  be  found,  however. 

Za  order  to  determine  the  altitude  to  which  the  oaeae-dea- 
tructlvo  effects  ef  the  earth  extend  in  e  alagle  ease,  so  have  set 


two  aoasuring  devices  at  our  aaw  raaoarch  station  at  Wei&enau 
(20  kiloaatars  froa  the  Bodensee).  The  devices  are  build  on  the 
new  principle  by  A.  Ehaert.  One  was  placed  in  a  aeadow,  the  ether 
•top  •  20  aster  aut  (saa  Illustration  5)  *  Although  the  landscapa 
hare  la  only  gently  rolling,  the  daily  osono  behavior  has  proved 
to  ba  by  fas  not  as  aiapla,  avan  during  eala  weather,  an  on  tha 
banks  of  tha  Bodannaa  at  friadriehahafan.  Tha  alight  daprasaiona 
in  tha  earth'  a  aurfaaa,  tha  forest  and  a  nearby  river  valley  exert 
their  influences  upon  tha  wind  and  turbulence  and  therefore  also 
upon  the  daily  osono  situation,  nonetheless,  there  are  soae  days 
when  the  influence  of  tha  20  sater  difference  in  altitude  between 
tha  two  apparatuses  is  clearly  aanlfonted.  Thus  we  see  in  Illustr¬ 
ation  5  that  the  daytiae  osone  values  are  higher  and  at  night  the 
osone  concentration  atop  the  tower  usually  does  not  fall  as  low 
as  that  at  tha  baaa  of  tha  tower. 

Continuous  osone  registrations  are  presently  being  aade 
at  four  locations  in  aouthara  0  era  any  and  at  one  place  in  Suits- 
or  land  (Arose)  with  the  saw  oust  aeasuriag  device  designed  by 
Bwert  and  ha  will  report  on  these  in  this  periodical  In  the  near 
future. 


The  influence  of  great  differences  in  altitude  can  be  seen 
froa  Illustration  6  on  which  the  osone  conditions  as  censured  each 
day  by  Khsert  la  rriedriebshsfea  st  sa  altitude  of  *00  asters  and 
at  the  eastern  and  of  th*  Bod  ease  a  at  106b  astern  on  PfSadargipfel 
Peak  ere  platted.  We  sate  that  the  nightly  dsoraaaa  in  eaane  cee- 
taat  shiah  was  observed  ia  friadriahshafaa  doss  mat  exist  in  tha 
aara  disturbed  air  atop  tha  Pfhaderglpfel  vhieh  Ufa  exposed  to  the 
West.  Oeeaaioaally ,  as  oa  17  Septeabtr  1*tO  at  IOiOO  o' e lech  W.H., 
aere  aaaaa  could  be  found  ia  rriadrlehahafea,  which  again  indicates 
a  rotation  of  air  aaaaoa. 


Tho  dif forenoea  in  daily  osone  conditions  under  extensive 
•reu  relationships  between  e  valley  and  aouat&ia  ntatloa  are  shown 
even  sore  clearly  by  two  aeeauroaeata  which  were  aade  with  a  ehsn- 
aethod  reeaatly  ia  lew  Naxioo  (J.  9.  Bowen  and  |.  g.  Ksgeaer 
L  •  the  aaaauraaeate  were  aada  aiaultaaeooaly  step  a  aaaaahat 
Insisted  noun tala  —  0a pills  rank,  ttOO  asters  high,  900-1900 
aoterw  higher  than  tha  surrounding  area  —  and  at  Station  desalts, 
which  lies  la  a  broad  valley  but  la  still  2000  asters  high.  XI- 
lwatretlea  7  ahawa  that  flaetaatiaaa  la  eaoaa  concentration  earned 
by  weather  conditions  oeeur  only  vary  irregularly  at  tha  aouatela 
station,  where  as  regular  strong  osono  occur  each  sight  at 

the  valley  ntatloa.  (The  aeesureaeats  were  aade  during  Dec  saber.) 
Za  actuality,  an  shown  by  the  temperature  eurve  ia  Illustration  8, 
pronounced  nightly  toaperaturo  alaian  occur  regularly  at  Aooaltu 
Station.  Those  prevent  ua  exchange  af  air  with  higher  nltltadaa, 
but  this  la  not  the  ease  at  tha  wouataia  a  Utica  (Illustration  9). 
These  acaaurowoata  show  that  tha  sightly  decreases  ia  oases  een- 
eaatrotlan  else  oeeur  la  a  bread  valley  ia  aouatalaous  terrain, 
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although  this  takas  place  aoaewbat  sore  gradually  because  of  the 
east  scale  of  the  terrain.  The  otono  minis ua  therefore  occurs 
towards  morning,  and  on  the  third  day  of  our  observations  even 
seemed  to  be  displaced  to  the  following  afternoon.  The  dissociating 
effect  of  the  earths  surface  apparently  extended  to  an  enormous 
volume  of  sir  under  the  given  local  conditions.  The  balance  brought 
about  through  turbulence  apparently  took  longer.  In  general,  it 
could  be  said  that  tha  areas  having  little  or  no  oaone  are  larger 
and  more  persistent  where  ever  where  favorable  local  conditions 
exist  for  the  formation  of  largo  pools  of  cold  sir  at  night. 

Vow  aa  regards  the  fluctuating  distribution  of  oaone  la  the 
free  troposphere,  1  osn  only  refer  to  the  neaaureaeats  of  A.  Bhaert 
(6)  which  he  aade  in  an  alroraft  during  the  war  using  tha  chaaieal 
aathol.  Tha  four  meaaur amenta  in  Illustrations  10-13  wars  mad*  at 
intarvals  of  2-3  days  and,  with  one  exception,  reached  to  an  alti¬ 
tude  of  8.5  to  9  kilometers.  On  tha  first  day  (Illustration  10)  sa 
saa  first  a  minimum  at  an  altitude  of  4  kilometers,  followed  by  a 
alight  inereaaa  in  tha  caone/air  ratio  at  7  kilometers.  Two  days 
latar  (Illustration  11)  we  observe  a  pronounced  maximum  at  aa  al¬ 
titude  of  2  kilometers  which  shifted  to  4-5  kilometers  two  more 
dars  later  (Illustration  12).  Again  three  days  later  (Illustration 
1)5 ,  the  navi  asm  is  sesa  ts  have  besoms  dissipated  sad  a  constant 
value  for  the  osoae/alr  ratio  existed  between  2  sad  nearly  6  kilo- 
esters  sltltsde  —  aa  indication  that  extensive  nixing  bad  taken 
place  in  the  air  layers  between  thorns  heights.  The  temperature 
line  plotted  on  the  left  sad  tbs  indicated  clouds  show  the  way  in 
which  this  layer  was  isolated  by  Inversions.  In  view  of  these 
plotted  values,  there  con  be  no  doubt  that  tha  vartieal  exchange 
of  air  (advectios  sad  turbulence)  play  a  role  la  tha  dlatrlbutioa 
of  oaoae  la  tha  troposphere.  Which  factor  baa  the  greater  affaet 
la  Individual  easas  saa  only  be  determined  if  the  vertical  distrib¬ 
ution  of  osaae  la  tba  troposphere  could  bo  measured  simultaneously 
at  aoveral  places. 

finally,  ae  regards  the  distribution  of  ooons  at  still 
greeter  altitudes,  Z  shall  show  here  a  collection  ef  eight  dis¬ 
tributions  (Illustration  ih)  which  represent  both  old  and  newly 
obtained  data  sad  which  wars  obtained,  with  but  one  exception  (8), 
by  aeaaa  of  bollooa  aaesnta  with  spectrographs.  The  variation  of 
these  serves  aa  eoaparod  to  our  knowledge  of  10  or  sore  years  ago 
la  surprising,  beside  the  well  known  old  curve#  which  showed  a 
ana  lawn  la  the  area  of  20  kilonetero  or  higher,  we  sow  saa  curves 
where  tha  maximum  Horn  either  higher  or  lower,  aa  well  aa  sane 
which  show  a  second  mart awn  et  lewer  altitudes ,  such  sa  these 
found  via  the  reversal  method  (7).  Worthy  ef  particular  nets  is 
the  fact  that  the  ration  oaoae/ air  varies  greatly  above  20  kilo- 
set  era.  This  eaa  only  be  explained  by  asm  uni  ng  that  a  sever*  aad 
rapid  mixing  must  have  takes  pleas.  The  accost  at  lesasr 

altitudes,  which  are  usually  found  during  the  spring  of  the  year, 
are  most  likely  to  be  explained  by  adveetion  of  low-lying  polar 
bodies  of  air  with  a  high  coaceatretion  of  oaoaa.  Probably  tha 
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the  uxltui  which  ooours  at  About  23  kllQreters  altitude  caa  ba 
connected  with  tha  photoohawloal  theory  aa  found  by  tha  first 
aarly  balloon  accents.  My  aaaooiata  H.  X.  Paatsold  raooaputad 
tha  vertical  osona  dlatrlbutlon  ualnt  tha  formulas  given  by 
Schrbdar  (9),  but  varying  tha  constants  such  aa  tha  (still  not 
clearly  understood)  absorption  coefficient  of  oxygen,  which 
ara  applicable  for  osona  foraation.  Ec  also  tried  changing 
Beer's  Lav  as  veil  as  varying  tha  asauaed  temperature  at  the 
altitudes  which  eaaa  into  consideration  for  osona  formation. 

Tha  rwaulta  (Illustration  13)  showed,  however,  that  all  this  had 
little  effaot  and  that  the  ourves  still  agreed  for  the  aost  part. 

Therefore,  if  thw  ourves  which  are  observed  are  found  to 
vary,  the  dlfferwne#  between  them  wuat  be  eonniderwd  to  be  due  to 
the  influence  of  adveotioa  or  turbulence.  In  any  ease,  the  curves 
shows  indicate  the  presence  of  siscable  vertioal  and  horlaontal 
aoveaente  at  higher  altitudes  which  have  not  been  sufficiently 
studied  to  date. 

Illustration  16  shows  aa  atteapt  made  by  H.  K.  Paatsold 
to  connect  tha  shapes  of  four  curves  recently  obtained  with  the 
spectrogram  to  the  origin  of  the  air  aaaaea.  The  origin  of  the 
*ir  aaaaea  la  naturally  given  with  reaervetloae,  for  the  trojec- 
torlaa  at  an  altltuda  of  id  kllonatara  wera  uaad,  and  tha  way  la 
which  air  aoveo  at  id  kiloaet era  In  aot  known.  Severtheloaa ,  n 
certain  connection  scene  to  be  ladieate#  in  that  for  the  two  curves 
shown  on  the  left  which  here  a  pointed  aaxlaua,  tha  air  cans  fren 
the  area  of  the  Asores,  whereas  the  trajectory  for  tha  lowtr  right 
distribution  curve,  which  has  a  pronounced  naxiaon  below  20  kilo- 
■•ter*  and  show*  indication  of  another  at  a  greater  altitude,  pointed 
to  North  Aaerica.  The  ourve  at  tha  uppar  right,  for  which  the  air 
at  id  kUneetero  altitude  cane  fren  Dree  aland  above,  in  addition 
to  n  sharp  naodaun  nt  <3  kUeavetere,  gaits  constant  and  eenewhnt 
high  enene  cent eat  between  10  and  10  kileneterw.  The  carve  whleh 
neean  nest  te  correspond  Vo  the  pheteehenienl  balnnee  and  whleh 
alee  hen  n  pointed  naxlnua  whleh  la  nasally  connected  with  a  low 
overall  concentration  ef  enoae  it  that  nennured  la  egootartnl 
»“••••  The  defemed  curves  seen  te  correspond  te  the  polar 
sir  nhenes  which  oeoar  here  la  Europe  neat  often  la  the  apriug 
*hd  which  have  a  higher  overall  ogoh*  content  ho). 

Te  give  a  better  picture,  four  charset eristic  easas  neneured 
with  the  spectrograph  are  plotted  together  la  ZUnetmtlna  17  (11) , 

Oc)  n 


The  satire  eonpl.vlty  of  the  prohlon  of  atnoopheris  osono 
io  rofloeted  la  the  flnetentlona  of  eaoaa  concentration  at  all 
altitudes.  In  the  layers  of  sir  lying  inaediotely  next  te  the 
surface  of  the  earth,  the  osona  content  always  drops  to  aero  in 
•thgeated  air  because  of  the  destructive  effect*  ef  the  earth's 
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surface*  In  the  troposphere,  advection  ie  the  major  factor  in 
oaone  fluctuations.  Recently  greatly  varying  distribution  of 
osone  at  higher  altitudes  have  been  found  using  the  apectro- 
graphie  method  in  balloon  ascents.  Extensive  horizontal  and 
vertical  movements  of  air  must  be  assumed  in  order  to  explain 
this  feature  of  oaone  distribution  at  great  altltudea. 
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FIGURE  APPENDIX 


IllvitrtUoi 


Daily  ooaditioa  of'  oum  aw  U*  oartt'a  iwfa«« 
in  rrio4ri«katafii/l  (t«earAU|  to  I.  Au*r). 


Ltgoadi  Ql2  Ootobor  19>8,  «*fek  grouad  alod 

(E)*9  4*pt*ob»r  1938i  «lifht  ground  wlad 
(j)^6  Siptubir  1936,  high  prtoaurt,  cl  tar, 
_  weak  ground  wind 
Central  Karopoaa  Tina 
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ZU.aotrati.oa  2.  Oaaoo  a*4  air  tonyoratnrt  la  PritAriekitafii  oa 
18  Karat  1940,  fey  4.  Sfeoart. 
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t&tmia  tmtfMWii 
farr  totvt :  Id  tg/Wilb 
thorns*  to  IMwWIMiMi 

Illustration  3.  Oaont  and  weathtr  conditions  sur  tha  earth's  surfact. 
Upper  line:  with  strong  westerly  winds 
Lower  line:  with  light  northeasterly  winds 


Illustration  *».  Oaont  (top)  tad  tusuiity  (bottoa), 


Illustration  ),  Oaoae  situation  »t  altltudea  of  l.t  and  20  asters. 


Legend: 
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Tow*r,  21.3  aotora 

(trooad,  I.1*  neter 


p 


L*(*a4:  1  Omoc#  do&alty 

2  K«l*tiT«  hoaidity 
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I  lid*  trail  oft  ?.  Okom  altuatioa  oa  a  aouataia  p*ak  (CAP)  u4  i* 
a  broad  rallay  (ACO). 


lUiatntltft  8.  Oihi  altaatioa,  air  praaaaro  u4  taoMratar*  la 
•  braad  rail *7  Uoo). 
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Illustration  9.  Qtona  situation,  air  prassura  and  teaperatura  atop 
a  mountain  peak  (CAP). 


Illustration  10.  Yartloal  omu  distribution  »a  i?  Aafw at  1 . 

By  A.  Ihaart.  aba  (abaoluta)  •  10"^  «a  normal 
oaogs/kiloaatar  path  of  air.  ral  (ralatira)  • 
10~°  oaoaa/air. 

infant :  (£)  Eaight  abovn  aaa  laaal 
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Illustration  11*  Vertical  onona  distribution  on  19  August  19*2. 

By  A.  Ehusrt.  (Logsad  —  Illustration  10.) 


Illustration  12.  Vortisnl  Osoaa  distribution  on  z-\  august  19*2. 

By  A.  tbosrt.  (Logsad  —  son  Illustration  10.) 
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Illustration  15*  Thoorotioal  vortical  osono  distribution. 


Illustration  IS.  Vortloal  tint  distribution  and  sovtiMti  o t 
air  aasaM. 

L«f«aAt  0  Routoa  of  air  hum  at  altltufto  of 
16  kiloaotora  for  loiasonsu 
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Illustration  1?.  Four  characteristic  types  of  vertical  ozone 
distribution. 
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